Abstract: Recently, because of safety and environmental concerns, there has been a tendency to introduce solid self-lubricating composites for bearing materials. In this paper, we developed Fe-Cr-C-Mn-Cu cast composite alloys as a self-lubricating composite and investigated the effect of carbon on the formation of protective tribofilms during sliding. The wear resistance of these materials was mainly affected by carbon concentrations due to the fact that in particular wear passed from delamination to tribo-oxidation, reducing the wear rate. The improved wear resistance likely resulted from protective tribofilms that formed on the surface during sliding.
INTRODUCTION 1)
In construction machines, self-lubricating bearings are used in high pressure applications and in dry environments where no oil can be introduced. Materials mainly used for these applications are made of strong cast bronze based metal embedded with special solid lubricants. The copper based alloy withstands high load, while the solid lubricants provide self-lubrication. Copper based alloys are used widely due to their low friction coefficient, good wear resistance and satisfactory mechanical properties. However, the high cost of Cu has forced manufacturers to consider new alternatives to copper based alloys [1, 2] . Therefore, a number of new approaches to replace copper based alloys have arisen, one of which is an iron based cast self-lubricating composite material.
For economical, ecological and even technical reasons there has been a tendency to introduce self-lubricating materials for bearing applications for some years. In this way external lubricants such as oil or grease can be excluded and the design can be simplified [2] . Structurally heterogeneous materials, or composites consisting of a relatively stiff matrix and soft second phase particles, are widely used as one of self-lubricating composite materials because they . The wear behavior of these materials depends on the physical and mechanical properties of the matrix and the second phase, as well as the size, shape and concentration of the second-phase particles [4] .
A previous study [5] has revealed that the volume fraction of Cu-rich particles increases with increasing Cu concentration and the sliding wear behaviors vary with the amount of embedded Cu-rich particles for Fe-12Cr-0.3C-4Mn-xCu (x = 13,14 and 15) cast composite alloys. Protective films, which are mainly composed of copper oxide and iron oxide, also form during sliding when the appropriate amount of Cu-rich particles is embedded in the alloys. In addition, it was found that the formation of oxide during sliding played an important role in obtaining low wear rate and friction coefficient. However, it is needed to know the effect of the volume fraction and the mean size of Cu-rich particles on forming the protective film. The present study thus aims to further explore the wear behavior of newly developed cast composite alloys, specifically the effect of carbon concentrations on the formation of the protective films during sliding for Fe-12Cr-xC-4Mn-14Cu (x = 0.25 -0.4) alloy. The present Cr concentration was taken for preventing oxidation. 
EXPERIMENTAL PROCEDURES
In the present work, the newly developed alloys were prepared with an induction melting furnace in an argon atmosphere. Wear test specimens were machined from the alloys and the volume fraction and mean size of the Cu-rich second-phase particles of the alloys were estimated with an image analyzer. A pin-on-disk wear -testing machine was employed to evaluate the wear resistance of the samples. Figure 1 shows a schematic diagram of the pin-on-disk wear tester. As a mating material for the wear test, heat-treated AISI 52100 steel pins with hardness of     kg/mm -2 were used. In order to maintain uniform test conditions, a new pin was used for each test and the diameter of the wear track on the disk was kept constant at 16 mm. The new alloy disks were 30 × 30 mm in length and 5 mm in thickness, and the pins were 5 mm in diameter and 50 mm in length, as shown in Fig. 2 . Wear tests were carried out under 70 and 130 kg/cm 2 loadsat a velocity of 0.05 m/sec for the duration of 1,800 sec. A new specimen was also used for each load in order to ensure that the test conditions remained constant. After each 300 sec (15 m) test, the specimens and pins were taken out of the wear machine, weight change was measured, and each wear track was observed through anoptical light microscope. We analyzed the chemical compositions of the specimens with the help of an optical emission spectrometer and the results are summarized in Table 1 . Worn surfaces of the specimens were examined with a scanning electron microscope (SEM) equipped with an energy dispersive spectrometer (EDS). The phase constitution of wear debris was determined by means of X-ray diffractometry (employing CuK α radiation).
RESULTS AND DISCUSSION
Wear curves for the specimens of 0.25C alloy, 0.3C alloy, 0.35C alloy and 0.4C alloy are shown in Fig. 3 with weight losses plotted against sliding distance. Specimens tested under a normal load of 70 kg/cm
